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DAMAGE TO RECOVERED MAIN PARACHUTE 

STATEMENT 

Small holes and foreign mater ia l  were found i n  t h e  canopy of t h e  
recovered main parachute, and the  r i s e r s  and suspension l i n e s  were 
damaged. 

DISCUSSION 

Damage chart ing of the  main parachute ( f i g .  1) revealed numerous, 
small burn holes ,  varying from 1/100 t o  1/16 inch i n  diameter, w i t h  a 
few sporadic holes varying from 1/4 t o  1 /2  inch. The majority of t h e  
holes i n  t h e  first nine (of twelve) r ings were approximately c i r cu la r ,  
whereas some of t h e  holes i n  t h e  lower three  rings were elongated s l o t s .  
This va r i a t ion  i n  hole shape from t h e  crown t o  t h e  s k i r t  indicated that  
t h e  damage occurred when t h e  parachute w a s  ful ly  deplqyed. 

The two possible  causes of t h e  holes i n  t h e  canopy were ab la to r  
mater ia l  (from t h e  heat  sh i e ld  and/or react ion control  engine) and n i t ro -  
gen t e t rox ide  ( reac t ion  control  system oxid izer ) .  

Small p a r t i c l e s  of charred heat sh i e ld  ab la tor  were heated and drop- 
ped onto a nylon cloth sample, and t h e  edges of t h e  burn holes exhibi ted 
a crus t iness  similar t o  those found i n  t h e  canopy. 
ab la to r  mater ia ls  are  s imi l a r  t o  t h e  heat sh i e ld  ab la tor ,  tests using ' 

engine ab la tor  were not conducted. I f  ab la tor  p a r t i c l e s  had s t ruck t h e  
parachute, some p a r t i c l e s  would have been fused t o  t h e  nylon. Only a 
few p a r t i c l e s  were fused; therefore ,  hot ab la tor  p a r t i c l e s  were not a 
major cause of t h e  damage. 

Because t h e  engine 

An orange vapor, caused by the dumping of approximately 10 pounds 
of res idua l  nitrogen te t roxide ,  was observed escaping from t h e  th rus t e r s  
while t h e  command module w a s  on the  main parachutes. 
edly extended 2 t o  3 r i s e r  lengths above the  parachute and w a s  about 
twice as l a rge  as t h e  canopy. 

The cloud report-  ' 

A sample piece of nylon cloth w a s  exposed t o  concentrated l i q u i d  
nitrogen t e t rox ide  and then rinsed w i t h  water. 
were very similar t o  those found i n  t h e  flight-damaged parachute ( f i g s .  2 
a d  3 ) .  

Holes were produced t h a t  
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Chemical analyses of numerous yellow spots  found on t h e  parachute 
r i s e r s  and suspension l i nes  ( f i g s .  4 and 5 )  yielded pos i t i ve  iden t i f i ca -  
t i o n  of n i t r a t e s  , n i t r i t e s  , and ni t roso-  compounds , which would be ex- 
pected from oxidizer .  

The breaking s t rengths  of t h e  most severely degraded samples of t h e  
suspension l i nes  ranged from 430 t o  670 pounds (nominal r a t e d  s t rength  i s  
650 pounds). 
t o  81.00 pounds ( r a t e d  s t rength  i s  11 000 pounds). The t e n s i l e  s t rength  
of t h e  c lo th  t e s t e d  w a s  51  t o  56 lb / in .  ( spec i f i ca t ion  i s  42 lb / in .  mini- 
mum).  

The breaking s t rength of r i s e r  mater ia l  ranged from 7800 

The debris ( f i g .  6 )  i n  t h e  canopy w a s  pa in t  chips , sand, wood, 
nylon, aluminum and brass  f i l i n g s ,  g l a s s ,  and caulking compounds accumu- 
l a t e d  during r e t r i ev ing ,  handling, and t ranspor t ing  t h e  parachute from 
t h e  landing s i t e  t o  t h e  contractor 's  f a c i l i t y .  

CONCLUSION 

Oxidizer w a s  t h e  major cause of damage t o  t h e  canopy, r i s e r s ,  and 
suspension l i n e s .  

CORRECTIVE ACTION 

For t h e  Apollo 6 mission, s u f f i c i e n t  oxidizer  w a s  off-loaded t o  in- 
sure  t h a t  none would be dumped during parachute operation. 

For Apollo 7, t h e  oxidizer w i l l  not be dumped during t h e  landing 
sequence. I f  an abort  should be necessary during t h e  launch phase up 
t o  61 seconds, t h e  propel lants  w i l l  be dumped before parachute deployment. 
For an abort  af'ter 61 seconds, t h e  propel lants  w i l l  remain onboard. 

For Apollo 8, oxidizer  w i l l  be  off-loaded t o  insure  t h a t  a minimal 
amount w i l l  be dumped during parachute operation. 

One of the  above actions w i l l  be taken on subsequent spacecraf t .  

e 
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Figure 1.- Hole dispersion pattern. 



Figure 2.- Microphotograph of hole in parachute canopy. 
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Suspension i i i e s  1 

One l ine of  the 16 located 
in each quadrant of canopy 

0 indicates damage spots 

' 7 ' shown typical 

diameter 
/ 32  to 1/4 inch in 
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Figure 5.- Typical suspension l ine damage, 



Figure 6.- Foreign material collected from parachute. 


